(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
18 April 2002(18.04.2002) 




PCT 



iiiiniiiiuiiiiiiiiiiiiiiiii 

(10) International Publication Number 

WO 02/32201 Al 



(51) International Patent Classification 7 : H05K 3/34, 
B25C 5/02, B23K 3/06 

(21) International Application Number: PCT/SE01/02198 

(22) International Filing Date: 9 October 2001 (09.10.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

0003647-5 



9 October 2000 (09.10.2000) SE 



(71) Applicant (for all designated States except US): MY- 
DATA AUTOMATION AB [SE/SE]; Adolfsbergsviigen 
11, S- 168 66 Bromma (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HOLM, William 



[SE/SE]; Tullgardsgatan 18, S-116 68 Stockholm (SE). 
KAMFORS, Mikael [SE/SE]; Skorpvagen 27, S-168 64 
Bromma (SE). FRIDSELL, Magnus [SE/SE]; Skytteva- 
gen 9, S-192 58 Sollentuna (SE). 

(74) Agent: AWAPATENT AB; Box 45086, S-104 30 Stock- 
holm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EC, EE, 
EE (utility model), ES, FI, FI (utility model), GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SK (utility model), SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

■ [Continued on next page] 



== (54) Title: METHOD OF JETTING VISCOUS MEDIUM 



O 




(57) Abstract: The invention 
relateszto^, method of improving the 
performance of a jetting assembly 
in an apparatus for jetting droplets 
of viscous medium on the fly onto 
a substrate. The jetting assembly 
is releasably mounted in the 
apparatus and comprises a nozzle, 
an ejection mechanism connected 
to the nozzle, and a viscous medium 
container connect to the eject 
mechanism. Information relating to 
an XY-position and a Z-position is 
obtained together with information 
regarding the exit velocity a droplet 
of viscous medium has when it 
exits the nozzle. The information 
is used as a basis for adjusting a 
trigger position of the nozzle for 
the subsequent jetting of droplets. 
The invention also concerns such a 
jetting assembly comprising storage 
means arranged to receive and hold 
calibration information of properties 
of the assembly obtained during 
calibration measurements. 
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METHOD OF JETTING .VISCOUS MEDIUM 

Technical field 

The present invention relates to the field of jet- 
ting viscous medium onto substrates. More particularly, 
the invention relates to a method of improving the per- 
5 formance of a jetting assembly in an apparatus for jet- 
ting droplets of viscous medium onto a substrate. 

Technical background 

Within the field of jetting droplets of viscous me- 

10 dium onto a substrate, particularly solder paste onto an 
electronic circuit board, there is an increased desire to 
perform the actual jetting "on the fly", i.e. with rela- 
tive movement between the substrate and the jetting de- 
. vice during jetting and without stopping for each loca- 

15 tion on the substrate where viscous medium is to be de- 
posited, in order to increase the manufacturing speed of 
electronic circuit boards. 

A further means for improving the manufacturing 
speed of electronic circuit boards is to provide reduced 

20 idle time of the manufacturing line. One way of doing 

this is disclosed in the co-pending International patent 
application published under WO 00/61297, which discloses 
an exchangeable assembly for jetting droplets of viscous 
medium onto a substrate and is incorporated herein by 

25 reference. As evident from said application, such an as- 
sembly, inter alia, improves the flexibility and reduces 
the idle time of a jetting apparatus. 

Due to the high quality requirements of the elec- 
tronic industry and the detrimental consequences of error 

30 prone circuit boards, a high degree of accuracy and re- 
producibility is required, along with a high level of 
flexibility. This requirement is even further accentuated 
by the increased speed at which a substrate is provided 
with viscous medium. 
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Summary of the invention , ' 

Thus, the object of the present invention is to ad- 
dress the problem of improving the degree of accuracy and 
5 reproducibility in a jetting apparatus, and having a high 
level of flexibility. 

This and other objects are achieved according to the 
present invention by providing a method having the fea- 
tures defined in the independent claims. Preferred em- 

10 bodiments are defined in the dependent claims. 

According to a first aspect of the present invention 
there is provided a method of improving the performance 
of a jetting assembly in an apparatus for jetting drop- 
lets of viscous medium on the fly onto a substrate, said 

15 jetting assembly being releasably mounted in said appara- 
tus for performing:- said jetting, said jetting assembly 
comprising a nozzle, an ejection mechanism connected to 
the nozzle, and a viscous medium container connected to 
the eject mechanism. The method comprises the steps of 

20 obtaining information relating to an XY-position of the 
nozzle in relation to a calibration surface, the XY- 
position being the position of the nozzle in a plane par- 
allel to the plane of the calibration surface; obtaining 
information relating to a Z-position of the nozzle, the 

25 Z-position being the distance between the nozzle and the 
calibration surface; obtaining velocity information re- 
lating to the exit velocity a droplet of viscous medium 
has when said droplet exits said nozzle; and adjusting, 
on the basis of said information relating to an XY- 

30 position of the nozzle, said information relating to a Z- 
position' of the nozzle, and said velocity information, a 
trigger position of the nozzle for the subsequent jetting 
of droplets . 

According to a second aspect of the present inven- 
35 tion there is provided a jetting assembly, said assembly 
being releasably mountable in an apparatus for jetting 
droplets of viscous medium on the fly onto a substrate, 
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said assembly comprising an assembly holder having first 
holder portions mating with an assembly support of a 
docking device of the apparatus, a nozzle, an eject 
mechanism connected to the nozzle, a viscous medium con- 
5 tainer connected to the eject mechanism, a signal inter- 
face for communication with the apparatus, and storage 
means holding information about properties of the assem- 
bly, such as assembly identity, type of viscous medium 
contained, nominal mechanical offset of the nozzle, 

10 wherein said storage means is further arranged to receive 
and hold calibration information of properties of the as- 
sembly obtained during calibration measurements. 

According to a third aspect of the present invention 
there is provided use of information stored in a jetting 

15 assembly for calibrating said assembly in a jetting appa- 
ratus.-: ----- 

For the purposes of this application, it is to be 
noted that the term "viscous medium" should be inter- 
preted as solder paste, flux, adhesive, conductive adhe- 

20 sive, or any other kind of medium used for fastening com- 
ponents on a substrate, conductive ink, resistive paste, 
or the like; and that the term "substrate" should be in- 
terpreted as a printed circuit board (PCB) , a substrate 
for ball grid arrays (BGA) , chip scale packages (CSP) , 

25 quad flat packages (QPP) , wafers, flip-chips, or the 
like. 

It is also to be noted that the term "jetting" 
should herein be interpreted as a non-contact dispensing 
process that utilises a fluid jet to form and shoot drop- 

30 lets of a medium from a jet nozzle onto a substrate, as 
compared to a contact dispensing process, such as "fluid 
wetting" , which is the act of the medium leaving the dis- 
pense tip, contacting and clinging to the substrate and 
remaining on the substrate as the dispense tip pulls 

3 5 away . 

Thus, the present invention is based on the advanta- 
geous insight of gathering, for a jetting assembly for 
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use in a jetting apparatus adapted for jetting on the 
fly, calibration information relating not only to the ac- 
tual XY-positioh of the nozzle, but also to the actual Z- 
positibn of the nozzle and the exit velocity of jetted 
5 droplets, and using this calibration information for ad- 
justing jetting parameters. 

When a releasable and exchangeable jetting assembly 
mounted in a jetting apparatus, adapted for jetting on 
the fly, is exchanged for another jetting assembly, there 

10 might be the possibility that the new assembly has jet- 
ting properties that differs slightly from that of the 
previous assembly. These jetting properties may include 
the relative position of the nozzle, the exit velocity of 
the jetted droplets, characteristics of the viscous me- 

15 dium that affects how the viscous medium responds to the 
ejection process. Also, there is the possibility that af- 
ter the mounting of the assembly in the jetting appara- 
tus, the alignment of said assembly deviates from the one 
intended . ".. 

20 In order to be able to compensate for any deviations 

Of a deposit on a substrate, resulting from jetting a 
droplet onto the substrate, from that intended, it is 
necessary to obtain information relating to the jetting 
results. According to the present invention, this is per- 

25 formed by jetting viscous medium onto a calibration sur- 
face prior to the actual jetting of viscous medium onto 
intended locations on a substrate, determining the re- 
sults of said jetting, and adjusting jetting parameters 
based on said result. Thereby, the jetting assembly is 

3 0 calibrated. 

According to the present invention, both the actual 
position of the nozzle in a direction essentially perpen- 
dicular to the plane of the substrate, i.e. the 
Z-direction, as well as the exit velocity of the jetted 

35 droplets are determined. Thus, the calibration method ac- 
cording to the invention provides additional information 
to the actual position of the nozzle in a plane parallel 
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to that of the substrate, i.e. the XY-direction. Thereby, 
a jetting assembly using the method of the present inven- 
tion has an improved accuracy of the jetting result since 
deviations in the height of the nozzle relative the sub- 
5 strate and in the velocity of the droplets is taken care 
of. 

Due to the relative motion between the nozzle and 
the substrate when a droplet is jetted, since the drop-' 
lets are jetted on the fly, the ballistic trajectory of 

10 the jetted droplet has an impact on the position of the 
resulting deposit on the substrate. The method of the 
present invention is advantageous in that both the dis- 
tance between the nozzle and the substrate, i.e. the 
travelling distance for the droplet in the Z-direction, 

15 and the exit velocity, i.e. the velocity in the 

Z-direction, is obtained and any deviations compensated 
for. Consequently, according to the invention, not only 
the actual nozzle position, but also the ballistic tra- 
jectory of the jetted droplet is taken into account, 

20 -thereby improving the result of the jetted droplets and, 
in turn, improves the quality of assembled circuit boards 
and significantly reduces the occurrence of error prone 
circuit boards. 

The method according to the present invention com- 

25 pensates for the ballistic trajectory by accurately con- 
trolling the relative velocity between the substrate and 
the nozzle, and by accurately determining the actual exit 
velocity of the jetted droplet as well as the actual noz- 
zle height over the substrate. 

30 According to preferred embodiments of the present 

invention, information relating to -the XY-position of the 
nozzle is obtained by first jetting one or more droplets 
of viscous medium at a nominally predetermined location 
on a calibration surface. Thereby, the droplets form cor- 

35 responding deposits on said calibration surface. Accord- 
ing to this embodiment, there is no relative motion be- 
tween the substrate and the jetting assembly at the in- 
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stant a droplet is jetted. Then, the resulting actual po- 
sition of the deposits are measured and the offset be- 
tween the actual position and an expected nominal posi- 
tion is determined. The offset is then used for calculat- 
5 ing the actual XY-position of the nozzle. 

According to a preferred embodiment of the inven- 
tion, information relating to the Z-position of the noz- 
zle is obtained by first jetting one or more droplets of 
viscous medium at a nominally predetermined location on 

10 the calibration surface. The jetting is performed on the 
fly, i.e. with the nozzle moving parallel with and rela- 
tive to the calibration surface. Then, the resulting ac- 
tual position of the deposits are measured and the dif- 
ferences between the measured positions of the deposits 

15 and the actual XY-location of the nozzle when the drop- 
r lets.-. were ejected are calculated... Then, when knowledge of 
the exit velocity of the jetted droplets already have 
been obtained, these differences are used as a basis for 
calculating the Z-position of the nozzle, i.e. the dis- 

2 0 tance "between the nozzle and the calibration surface.. 

According to one preferred embodiment, the exit ve- 
locity has been previously determined and is, preferably, 
stored in storing means of the jetting assembly. 

However, according to another preferred embodiment 
25 of the invention, the exit velocity may not be known when 
the Z-position of the nozzle is to be determined. Then, 
the above mentioned jetting of viscous medium droplets on 
the fly, and the measurement of the resulting positions 
of the deposits, is followed by a further jetting of vis- 

3 0 cous medium droplets on the fly. However, this second 

jetting of droplets on the fly is performed following a 
accurately controlled change in Z-position of the nozzle. 
Then, the resulting actual position of the deposits are 
measured and the differences between the measured posi- 
35 tions of the deposits and the actual XY-location of the 
nozzle when the droplets were ejected are calculated. 
These resulting differences are compared to the differ- 
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ences resulting from the above mentioned jetting on the 
fly from the original Z-positioh of the nozzle. Having 
precise knowledge and control of the relative velocity 
between the nozzle and the substrate, the exit velocity 
5 can now be calculated. 

Preferably, the velocity of the relative movement 
between the substrate and the jetting assembly are the 
same for the jetting of droplets at both Z-positions of 
the nozzle. 

10 An alternative to measuring the Z position of the 

nozzle of the jetting assembly in the manner described 
above, is to measure a Z position for the assembly once 
the assembly has been mounted in the machine, i.e. to 
measure a Z position for the nozzle of the assembly. This 

15 could provide for some extra safety in that it reduces 
the risk of involuntary contact between -the nozzle and 
the substrate, -or with components already mounted on t he- 
substrate . Furthermore, it may enable a subsequent cali- 

:r:-:-;-r brat ion procedure to be performed with the nozzle at a 

20 closer distance to the calibration surface, which could - 
enhance the accuracy of the calibration measurements. 

According to one embodiment, this is performed by 
bringing a portion of the assembly in contact with the 
calibration surface. This must be performed with great 

25 care so that neither the assembly nor the substrate is 
damaged. Since the relative distance in the Z-direction 
between the portion of the assembly that is brought into 
contact with the substrate and the nozzle is accurately 
known, the distance between the nozzle and the substrate 

30 is thereby determined. Then, the assembly can be raised a 
controlled amount for performing the subsequent jetting 
of viscous medium. 

According to an alternative embodiment, the 
Z-position of the nozzle is measured using an electric or 

35 optical sensor, for instance in the form of an LED and a 
corresponding detector, or in the form of vision means 
such as a camera. As readily understood by those skilled 
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in the art, a wide variety of sensing or measurement 
means, mechanical, optical or . electrical, may be used for 
determining the Z-position of the nozzle prior to the 
jetting of viscous medium. 
5 According to a preferred embodiment of the inven- 

tion, the Z-position of the nozzle is obtained through 
direct measurements, as described above, and not calcu- 
lated through position measurements of viscous medium de- 
posits. Then, since the Z-position of the nozzle is known 

10 prior to obtaining information regarding the exit veloc- 
ity of the jetted droplets, the exit velocity can be ob- 
tained in a simplified manner. This may be performed by 
simply jetting one or more droplets of viscous medium on 
the fly at a nominally predetermined location on the 

15 calibration surface. Then, the resulting actual position 

- • of the deposits are measured and the differences between 
the measured positions of the deposits and the actual -XY- 
location of the nozzle when the droplets were ejected are 
calculated. Since the relative velocity between the noz- 

20 zle and the. substrate can be precisely controlled and the 
distance between the nozzle and the substrate has been 
accurately measure and is known, the exit velocity can 
now.be accurately calculated. 

For the above measurements, it can be enough to jet 

25 on droplet of viscous medium for each measurement. How- 
ever, if a plurality of deposits are deposited, any sto- 
chastic contribution to the jet direction can be averaged 
out to even further improve the accuracy of the measure- 
ments . 

30 Furthermore, for the preferred embodiments where the 

Z-position of the nozzle is calculated through position 
measurements of viscous medium deposits, if some portion 
of the assembly is at a lower position than the nozzle 
exit hole, then the height determined from the calibra- 

35 tion described above does not reveal the whole truth 

about how low Z value can be used while jetting. In com- 
pensation for this, the distance between the nozzle and 
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the lowest point of the assembly is preferably measured 
when assembling the assembly, < and this measurement infor- 
mation is distributed to the jetting apparatus in connec- 
tion with the mounting of the assembly in the apparatus. 
5 Preferably, said measurement information is stored in 
storage means of the assembly and transmitted to the ap- 
paratus via a signal interface. 

According to an embodiment of the invention, the 
calibration surface is provided at a calibration station 
10 in the jetting apparatus that is separate from the sub- 
strate . 

Alternatively, the substrate onto which the viscous 
medium is to be applied includes a portion that is not 
intended to be provided with viscous medium deposits and 

15 is used as a calibration surface. In this embodiment, the 

--■ hedght of the substrate , or -at least the cal ibrat iow'ssr- 
face thereof, is determined prior- to the jetting of drop- 
lets onto the calibration surface. Said height determina- 
tion is preferably performed using a vision device, pref- 

20 erably a camera in combination with suitable lighting. 

To ascertain that the droplets impact at the correct 
position on the substrate, it is preferred that the ac- 
tual position of the nozzle when the jetting of a droplet 
is triggered can be determined to a high degree. The ac- 

25 tual position of the nozzle includes not only the X posi- 
tion and the Y position, i.e. the position of the nozzle 
in a plane parallel to the plane of the substrate, but 
also the Z position, i.e. the height of the nozzle above 
the substrate. 

30 Preferably, for process stability reasons, a cali- 

bration of the assembly is desirably performed immedi- 
ately following the mounting of the jetting assembly in a 
jetting apparatus. Furthermore, it is possible that some 
jetting properties of the jetting assembly can change 

35 during the lifetime of a jetting assembly, i.e. until the 
assembly is empty of viscous medium and needs to be ex- 
changed. Therefore, a calibration may desirably be per- 
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formed each time the jetting apparatus is taken into op- 
eration after having been idle, r regardless whether or not 
an exchange of jetting assembly in the apparatus has been 
performed. According to other embodiments, a calibration 
5 is performed following a predetermined time period, or 
following a predetermined number of jetted droplets. 

According to preferred embodiments of the invention, 
prior to a planned calibration, a test is made to deter- 
mine whether or not a calibration procedure is necessary. 

10 If not, the planned calibration procedure is not per- 
formed. Consequently, there will be no unnecessary inter- 
ruptions for performing redundant calibrations. 

It might, however, also be possible to rely on fac- 
tory calibration, i.e. that the assembly is calibrated 

15 following manufacture or filling thereof, prior to mount- 
ing of -the assembly in a jetting apparatus. However, this 
would require that -any changes .over time that might occur 
for any of the above-mentioned jetting properties are 
small compared tothe desired . accuracy. In order to re - 

20 duce mechanical tolerances and manufacturing costs, it is 
advantageous tp use a calibration procedure that is per- 
formed following the mounting of the assembly in the jet- 
ting apparatus. Further/ the . provision of factory cali- 
bration would not be able to compensate for the devia- 

25 tions in alignment that might occur during or following 
mounting of the assembly. 

One example where factory calibration can be pre- 
ferred can be the case when the exit velocity of the 
droplet does not change over time. Then, the exit veloc- 

30 ity can be measured after filling the assembly with vis- 
cous medium, but before mounting in- the jetting appara- 
tus, and the information regarding the exit velocity can 
be stored in data storage means provided in the assembly. 
In that case, the procedure for obtaining calibration in- 

35 formation, an example of which being described in greater 
detail below, can be considerably simplified. 
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According to an embodiment of the invention, the in- 
formation obtained through any or all of the above de- 
scribed calibration measurements may be stored in storing 
means of the jetting assembly. Thus, the calibration 
5 measurement results, as well as any other suitable char- 
acteristics of the assembly, may be used for later cali- 
bration procedures for the jetting assembly. 

When having obtained the calibration information, 
the jetting parameters can be adjusted, for example the 

10 trigger positions can be adjusted on the basis of the ob- 
tained calibration information. By trigger position is 
meant the location of the nozzle when the a droplet is 
triggered, or the time window during which jetting of the 
droplet is triggered. 

15 It should be noted, that even though it is likely to 

be at least slight deviations in off set- and alignment 

from one individual assembly to another, the -same indi- 
vidual, however, is likely to reproduce well between suc- 
cessive mountings in the" same machine. Thus, according to 

20 preferred embodiments of the invention, the information : 
obtained from, the calibration procedure is carried by the 
assembly itself. Preferably, the stored calibration in- 
formation is related, to the specific machine in which the 
assembly is mounted. 

25 In the embodiments where a portion of the substrate 

is used as a calibration surface, prior to obtaining the 
calibration information, fiducial markers or reference 
points on the substrate are detected and registered. Ac- 
cording to one embodiment, only one marker is used. Then, 

30 only the position of the substrate is known. 

According to a preferred embodiment, two markers are 
used. Then, compensation for a skewed or tilted substrate 
can be performed. 

According to an even more preferred embodiment, 

35 three markers are used. Then, an error in the scaling can 
also be compensated for. 
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The manners in which an error in the position, the 
scaling, or a possible skewing of the substrate is ad- 
dressed and compensated for is well known to those 
skilled in the art and will therefore not be further de- 
5 scribed. 

Alternatively, when a calibration station is used, 
the characteristics and properties of the calibration 
surface in the calibration station is determined when the 
machine is assembled. Therefore, there is no need for 

10 further measurement of reference points on the calibra- 
tion surface. 

According to a preferred embodiment of the inven- 
tion, the angular deviation of the jetting direction is 
determined. Said deviation being the difference between 

15 the actual jetting direction and the nominal jetting di- 
rection, -which preferably is essentially perpendicular to 
.■ the plane of the substrate. According to one embodiment, - 
the angular deviation is determined by first jetting one 
or more droplets at selected positions with the nozzle at 

20 a fixed distance from the" substrate, i . e . at a fixed Z- 
position. Then, the distance between the -nozzle and the 
substrate is increased or decreased by a controlled, ac- 
curately determined distance, followed by the jetting of 
one or more droplets at the new, fixed Z-position of the 

25 nozzle. By measuring the result from the jetting at the 
two Z -positions and comparing them, the direction and the 
amplitude of the angular deviation can be determined. If 
the offset of the measured deposits at both heights are 
essentially the same, there is essentially no angular de- 

30 viation. 

A source of error relating to the manufacture of 
electronic circuit boards or the like are the properties 
of the substrate itself. Occasionally, the substrate onto 
which viscous medium is to be applied is somewhat warped. 

35 According to a preferred embodiment of the invention, 

this warpage is detected and mapped, preferably using a 
vision device, e.g. a camera, in combination with suit- 
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able lighting for detecting the height of measured points 
on the substrate . When having, mapped the warpage of the 
substrate, the trigger positions are preferably adjusted 
in order to compensate for the warpage. According to an 
5 alternative embodiment, the Z position of the jetting as- 
sembly, i.e. Z position of the nozzle, is continuously 
adjusted such that the distance between the nozzle and 
the corresponding position of the warped substrate is 
kept constant . 

10 The present invention is particularly advantageous 

when used in combination for a jetting apparatus adapted 
for "drop -on -demand" jetting. Drop-on-demand jetting 
should be interpreted as a method of jet dispensing where 
individual drops of a medium are formed at the end by the 

15 forward momentum of a fluid being ejected out of a small 
- -orifice. The jet is formed by, rapidly changing the volume 
of a chamber filled with the medium. With drop -on -demand 
jetting it is possible, as implied by the terminology, to 
eject or shoot a single droplet at any chosen time. 

20 . ■ Further obj ects and advantages of the present, -inven- 
tion will be discussed below by means of exemplary em- 
bodiments . 



Brief Description of the Accompanying Figures of Drawings 
25 Exemplifying embodiments of the invention will be 

described below with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic perspective view of an embodi- 
ment of the machine according to the present invention; 
3 0 Fig. 2 is a schematic perspective view from above of 

an embodiment of the docking device and assembly of the 
present invention; 

Fig. 3 is a schematic perspective view from below 
and from one side of the assembly shown in Fig. 2; 
35 Fig. 4 is a schematic perspective view from below 

and from another side of the assembly shown in Fig. 2; 
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Fig. 5 is a perspective view from above of the as- 
sembly of Fig. 2 and of an embodiment of the exchange as- 
sembly support of the present invention; 

Fig. 6 is a schematic sectional view of the assembly 
5 shown in Fig. 2; 

Fig. 7 is a flow chart illustrating an exchange and 
calibration procedure of the present invention; 

Fig. 8 is a flow chart illustrating a calibration 
procedure according to an embodiment of the present in- 
10 vent ion; and 

Fig. 9 is a flow chart illustrating an example of 
possible adjustments following the calibration procedure 
shown in Fig . 8 . 

Fig. 10 is a schematic illustration of an angular 
15 deviation in the direction of jetted droplets. 

: Descript ion of Exemplary Embodiment . ..• " : - ■■■■ 

With reference to the accompanying figures, there 
will now be described an embodiment of the inventive 

20 method of the -present invention . First , a j etting assem- 
bly and an apparatus for jetting for which the assembly ~ 
is intended are described with reference to Fig. 1. 

Fig. 1 illustrates a presently preferred embodiment 
of a machine 1 for providing a substrate 2 with deposits 

25 by jetting droplets of a viscous medium onto the sub- 
strate 2, in accordance with the present invention. Let 
us for simplicity assume that the viscous medium is sol- 
der paste, which is one alternative as defined above. In 
this embodiment the machine 1 is of a type comprising an 

30 X-beam 3 and an X-wagon 4 connected with the X-beam 3 via 
an X-rail 36 and reciprocatingly movable along the X-rail 
36. The X-beam, in turn, is reciprocatingly movably con- 
nected with a Y-rail 37, thereby being movable perpen- 
dicularly to the X-rail 36. The Y-rail 37 is rigidly 

35 mounted in the machine 1. Generally, the movements are 
driven by linear motors (not shown) . 
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Furthermore, the machine 1 comprises a conveyor 38 
for carrying the substrate 2 through the machine 1, and a 
fixing device 39 for fixing the substrate 2 when jetting 
is to take place. 
5 Also, the machine 1 comprises a docking device 10 

connected with the X-wagon 4 and an assembly 5 releasably 
mounted at the docking device 10. The assembly 5 is ar- 
ranged for jetting droplets of solder paste, which impact 
and form deposits on the substrate 2 . 

10 Further, the machine 1 of the herein described em- 

bodiment comprises a calibration station 8, providing a 
calibration surface. 

The machine 1 also comprises an exchange assembly 
support 7, supporting further assemblies 9, which may be 

15 substituted for the assembly 5 currently carried by the 
docking device 10 . "" ~- ■ v 

Additionally, the machine 1 comprises a machine vi- 
sion device 6, which in this embodiment is a camera. The 
camera 6 is used for determining the position and rota- 

20 tion of the substrate 2 and for checking the result of 
the jetting process by viewing the deposits . 

As understood by those skilled in the art, the ma- 
chine also comprises a control unit (not explicitly -, 
shown) executing software for running the machine. 

25 Briefly, the machine 1 works as follows. The sub- 

strate 2 is fed into the machine 1 by means of the con- 
veyor 38, upon which the substrate 2 is put. When the 
substrate 2 is in proper position under the X-wagon 4 it 
is fixed with the aid of the fixing device 39. By means 

30 of the camera 6, fiducial markers prearranged on the sur- 
face of the substrate 2 are located. These markers deter- 
mine the precise position of the substrate. Then, by mov- 
ing the X-wagon 4 over the substrate 2 in a predetermined 
(pre-programmed) pattern and operating the assembly 5 at 

35 predetermined locations, solder paste is applied on the 
substrate 2 at the desired locations. Should the assembly 
5 run out of solder paste or should a different medium be 
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required at certain locations, etc., the machine 1 is 
programmed to automatically exchange the assembly 5 for 
one of the further assemblies, or exchange assemblies, 9 
stored at the exchange assembly support 7, and the appli- 
5 cation process will continue. 

However, when acquiring a previously unknown assem- 
bly 9 from the exchange assembly support 7, the machine 1 
will perform a calibration in order to ascertain that the 
dispensed droplets accurately will impact the substrate 2 

10 at the predetermined locations. The reason for the cali- 
bration is that the position of an eject nozzle 25 of the 
assembly 5, see Fig. 3, may differ slightly from one as- 
sembly to the other, and the alignment of the assembly 5 
at the docking device 10 may differ slightly from one 

15 docking to the other. It should be noted, that even 

though there is likely to be at least slight deviations 
in offset and. alignment from one individual assembly to 
another, the same individual, however, is likely to re- 
produce well between successive mountings in the same ma-.. 

20 chine . . Thus , the information obtained from the cal ibra- 
tion procedure is preferably carried by the assembly it- 
self. Of course, the stored calibration information is 
related to the specific machine in which the assembly is 
mounted . 

25 The exchange and calibration procedure will now be 

described in more detail with reference to the flow chart 
of Fig. 7. 

While jetting, at step 100, it is determined at step 
101 whether an assembly exchange is required. This is 

30 done by checking whether the assembly 5 runs out of sol- 
der paste, whether another type of - nozzle is required, or 
whether another type of medium is required. If an assem- 
bly exchange is required, the procedure is continued at 
step 102 by performing an assembly exchange. This is done 

35 by moving the X-wagon to the exchange assembly support 7, 
releasing the assembly 5 from the docking device 10 and 
putting it at an available place of the exchange assembly 
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support 7, and loading an exchange assembly 9, which may 
be a specific predetermined one^ into the docking device 
10. Then, at step 103, it is checked that the new assem- 
bly is properly docked at the docking device 10. If not 
5 an error signal is generated, at step 110, and the ma- 
chine 1 is halted. Otherwise, the procedure is continued 
at step 104, where it is determined whether the new as- 
sembly 9 needs to be calibrated. If a calibration is 
needed, the calibration procedure is continued at step 

10 105. If not, the calibration procedure is regarded as 
completed and the jetting procedure is resumed at 108. 

At step 105, the X-wagon 4 is moved to the calibra- 
tion station 8. Then, at step 106, a calibration of the 
assembly 5 is performed. It is preferred to generate a 

15 straight line of deposits, though any appropriate pattern 
is employable. Then, the line of deposits is viewed by 
the camera 6. If not all deposits are found,- an error 
signal is generated and the machine is halted. Otherwise, 

- the procedure is continued and the positi on of the line •• 

20 of deposits is determined and -compared to an expected po- 
sition. The deviation, if any, is defined as a nozzle 
offset. As mentioned above, there may be a slight differ- 
ence in the position of the nozzle 25 compared to the po- 
sition of the nozzle 25 of the previously docked assembly 

25 5. In order to ascertain a high accuracy of the point of 
impact of the droplets on the substrate, a trigger window 
for the machine 1 is adjusted by means of the offset. 
Trigger window is understood by those skilled in the art 
as a time window within which a droplet has to be jetted, 

30 while moving the X-wagon 4 over the substrate 2, in order 
to impact the substrate 2 at the desired location. At 
step 107, it is determined whether the calibration proc- 
ess is completed. If so, the jetting is resumed at step 
108. Otherwise, the calibration is continued at step 106. 

35 With reference to the flow chart of Fig. 8, there 

will be described in greater detail an embodiment of the 
present invention. The variables X and Y denotes the po- 
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sition in a plane parallel to the plane of the substrate 
2 or the calibration surface. Consequently, the variable 
Z denotes the position perpendicular to the plane of the 
substrate 2 or calibration surface, i.e. the vertical po- 
5 sition or the height. 

First, at step 201, a fiducial mark on the calibra- 
tion surface is located. This is achieved by positioning 
a vision device 6 over the fiducial mark and reading the 
encoders values. The positions are then stored as vari- 

10 ables X 0 and Y 0 . If a calibration station in the apparatus 
is used, these variables are already stored in storing 
means of the apparatus. 

At step 202, the nominal nozzle offset is retrieved. 
This information can either be default values stored in 

15 the apparatus and used for every assembly, or this infor- 
mation can be carried by the assembly- and stored in stor- 

. ing means in the assembly. If the information is carried 
by the assembly, a more flexible system is achieved. 
These values are stored as- variables X H , Y N/ and Z N . 

20 At s tep 203 , the ... no z z le 25 . is positioned . over a de - 

sired location. This implies moving the axes until the 
encoders shows the readings: Xo-X N -X*, Y 0 -Y H -Y*, Z H , where 
X* and Y* are chosen so as to position the nozzle 25 over- 
the calibration surface. 

25 At step 204, at least one droplet is jetted, the 

droplet forming a deposit on the calibration surface. If 
a plurality of deposits are deposited, any stochastic 
contribution to the jet direction can be averaged out to 
achieve better accuracy. 

30 At step 205, the axes are moved to the location 

X 0 -X*, Y 0 -Y*. This would place the -centre of the camera 
over the nominal position where the deposit has been 
placed. 

At step 206, the offset of the deposit from the cen- 
35 tre of the camera is determined. The results are stored 
as variables AX and AY. It should be noted that it is not 
difficult to achieve mechanical tolerances such that the 
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deviation from the nominal position is within the field 
of view of the vision device 6 . ' 

Then, at step 207, the true nozzle offset can be 
calculated as: Xoff = Xu + AX and Y 0 ff = Y N + AY. 
5 At step 208, the nozzle 25 is made to travel over 

the calibration surface at a constant velocity. For ease 
of description, we assume that this velocity is in the X- 
direction only and that it is equal to v x . A relatively 
large velocity is preferred from a smaller one since, 

10 with the larger velocity, a change of the nozzle position 
in the Z direction has a greater influence on the result- 
ing X position of the deposit, which facilitates the de- 
termination of AX 2 -Ax lf as described below. 

At step 2 09, a predetermined number of deposits (at 

15 least one, in this case n number of deposits) is obtained 
through the jetting of droplets, starting at a position 
Xo-Xoff-X*, Y 0 -Y O FF-Y*-Yarb/ where Y ar b is chosen so as to po- 
sition the nozzle 25 over another position on the cali- 

:..:■::,■,-.„ bration surface. The X positions of these .deposits should 

20 be : - ■',„■ , ■:: .,, ;: ;,.v,:.., i ;,,; , - 

Xi = X 0 - Xoff - X* + v x /v 0 ut*hi + i*v x /f 

where v out is the exit velocity of the jet from the nozzle 
25 25, hx is the distance from the nozzle 25 to the calibra- 
tion surface when the Z position equals Z N , f is the fre- 
quency with which the jets are ejected, and i takes the 
values 0,1, . . ,n-l. 

At step 210, the nozzle position is altered in the Z 
30 direction a predetermined amount Ah. Preferably, the noz- 
zle 25 is raised in order to avoid any risk of contact 
between any part of the assembly and the calibration sur- 
face. In order to get a sufficient difference, a substan- 
tially large alteration is preferred. However, if the 
35 nozzle 25 is raised too much, the stochastic angular de- 
viation in jet direction will have a greater impact on 
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the jetting result due to the longer time in flight. A 
typical value could be 1 mm. , ' 

At step 211, the nozzle 25 is made to travel over 
the calibration surface at said constant velocity. 
5 At step 212, a predetermined number of deposits (at 

least one, in this case n number of deposits) is obtained 
through the jetting of droplets, starting at a position 
Xo-Xoff-X*, Y 0 -Y OPF -Y*-2Y ar b. The X positions of these depos- 
its should be 

10 

Xj = X 0 - Xqff - X* + v x /v out *h 2 + j*v x /f 

where h2-hl=Ah and j takes the values 0,1,.., n-1. 

At step 213, all Xi and Xj are determined using the 
15 vision device 6 . 

: At step 214, v x /v out *hi = AXi. is defined as the mean 
value of Xi-..(X 0 - Xoff - X* + i*v x /f ) . : - r 

Also, at step 214, v x /v out *h 2 = AX 2 is defined as the 

mean value of Xj - (X 0 - Xoff - X* + j*v x /f) 

20 . ... At step 215, the exit velocity of the jetted droplet 
"" is calculated as v ou t = v x *Ah/ ( AX 2 -AXi) , which is deducted 
from v x /vout*h 2 - v x /v ou t*hi = AX 2 -AXi. 

Finally, at step 216, we can now calculate the dis- 
tance from the nozzle 25 to the calibration surface when 
25 the Z encoder shows the value Z N . This is defined as 
hi = AXx* v out /v x = Ah*AXi/ ( AX 2 -AX X ) . 

If it turns out that the exit velocity does not 
change over time, the exit velocity can be measured after 
assembly refill, prior to mounting of the assembly in the 
30 jetting apparatus, and the exit velocity information 

stored in the assembly. In that case, the procedure above 
can be simplified. 

Once the nozzle offset in the plane parallel to the 
plane of the substrate 2, the nozzle height, and the exit 
35 velocity of the droplet have been determined the trigger 
positions can be adjusted accordingly. For instance, if a 
deposit is desired at position X, Y on a substrate 2, X 
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and Y being measured in the co-ordinate system, of the 
substrate 2, one could proceed ^as follows, with reference 
to Fig. 9. 

At step 301, the position in machine co-ordinates of 
5 at least one fiducial marker on the substrate 2 is deter- 
mined. If only one marker is used, only the position of 
the substrate 2 is known. If two markers are used, com- 
pensation for a skewed substrate 2 can be performed. If 
three markers are used, also an error in the scales can 

10 be taken care of. For ease of description, we assume that 
the board is perfectly aligned and scaled, but translated 
so that x = y = 0 in substrate co-ordinates corresponds 
to machine co-ordinates X = X 0 , Y = Y 0 . Thus, the desired 
deposit location is X 0 +x, Y 0 +y in machine co-ordinates. 

15 Machine co-ordinates is here understood as encoder read- 
ings when -the centre of the camera is. at a specific posi- 
tion. .... 

Then, at step 302, the velocity the machine will 
have when passing over the desired deposit location is 

20 retrieved. In this specific case, this data has been pre- 
viously compiled. The reason for this previous compila- 
tion is to achieve an optimal path along the substrate 2. 

At step 303, the height of the substrate 2 is re- 
trieved. This can be done either by measuring it with the 

25 vision device 6 or retrieving the information from a da- 
tabase operatively connected to or located in the ma- 
chine. Note that the height that is measured is the dis- 
tance from the vision device 6 to the substrate 2 . If 
sufficient planarity of the substrate can be guaranteed, 

30 a more accurate measurement of nominal Z position can be 
performed when the machine is assembled. In that case, 
the difference in height from the calibration surface to 
the nominal work piece surface is preferably measured. 
At step 304, a desired nozzle height over the sub- 

35 strate 2 is chosen, for example the height h. Using the 
value of hi described above and the known height of the 
substrate 2, a suitable Z encoder reading can be calcu- 
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lated. For instance, if the distance from the vision de- 
vice S to the calibration surface and to the substrate 2 
is Hi and H 2 , respectively, the Z position should be 
Z = Z N + H 2 - Hi + h - hi. 
5 Finally, at step 305, the trigger position is, thus, 

calculated to be at X 0 + x - X 0 fp - v x *h/v out , and 
Y 0 + y - Yopp - v y *h/vout / where v x and v y are the veloci- 
ties in the x and y directions, respectively. 

Further, in the described embodiment of the inven- 

10 tion, if the substrate is warped, the warpage is mapped 
prior to the start of the jetting procedure. Then, the 
warpage can be compensated for in two alternative man- 
ners. According to the first alternative, the trigger po- 
sitions in the X and Y directions are adjusted accord- 

15 ingly. According to the second alternative, the warpage 

• - ~is compensated for by adjusting the Z axis movement to 
keep the distance between the nozzle 25 and the warped 
substrate 2 constant as the nozzle 25 travels along the 
substrate . - ■ ■ 

-20 In the above- it has been assumed that the jet is 

ejected essentially along the Z axis, i.e. perpendicular 
to the plane of the substrate or the calibration surface. 
As mentioned above, a stochastic angular error can be 
present and taken care of, if said error is not so large 

25 that it results in unacceptable errors in the final posi- 
tion of the deposit. However, if the assembly for some 
reason has a constant angular ejection error, more prob- 
lems can arise. An example is given in Fig. 10, in which 
the angular error has been greatly exaggerated for illus- 

30 tration purposes. In Fig. 10, the assembly 5 and the sub- 
strate 2 is shown in schematic form. Reference numeral 60 
denotes a deposit resulting from jetting of a droplet of 
solder paste onto the substrate. Thus, assume that there 
is a constant angular error characterised as the angle 

35 parameters 9 and q>, representing errors in polar angle and 
in plane angle, respectively, where cp=0 denotes the X 
direction. This means that the exit velocity will have 
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components not only in the Z, but also in the X and the Y 
direction. 

The three velocity vector components can thus be 
written as v out , x = v out *sin 9*cos cp, v^t^ = v out *sin9*sin(p f 
5 Vout/z = Vout*cos 0, respectively. The velocity component 
along the X-axis will result in different results in de-. 
pendence of whether the wagon velocity, v x , is applied in 
the positive or negative direction in steps 208 and 211 
described above. The velocity component along the Y-axis 

10 will not result in any shift in step 208 described above . 
since this deviation is absorbed in the offset calculated 
in step 207. However, when jetting from the second height 
h 2 , the deposits will shift from the expected position 
because of the velocity along Y and the change of the 

15 time that the droplet is in flight. According to this em- 
bodiment of the invention, by jetting droplets while mov- 
ing in both the positive and the negative X direction, 
respectively, and by detecting a shift in Y position cor- 
related to a change in the nozzle height, one can deter- 

20 mine the two hew unknown parameters 0 and (p. - 
As an alternative to the above described procedure,, 
the angular deviation can according to one embodiment be 
obtained by the following procedure. 

First, at least one droplet is jetted, the droplet 

25 forming a deposit on the calibration surface. Again, a 
plurality of deposits may be deposited to achieve better 
accuracy. Preferably, each droplet is jetted when the 
nozzle is standing still, i.e. there is no relative move- 
ment between the nozzle and the calibration surface. The 

30 resulting position of said first deposit (s) on the sub- 
strate is determined with the camera and stored. 

Then, the nozzle position is altered in the Z direc- 
tion a predetermined amount Ah, and at least one droplet 
is jetted from the second height. Again, there is no 

35 movement of the nozzle during the jetting of each drop- 
let. 
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The resulting positions of said second deposit (s) on 
the substrate is determined and' compared with the posi- 
tions of the first deposit (s). The difference can be de- 
scribed as AX and AY, which can then be used to determine 
5 the two unknown parameters 9 and (p using the following 
equations : 

tan(p) = A7/A* 
tan(#) = VAY 2 +AZ 2 /M 

10 

In the above, there has been described a calibration 
procedure following the exchange of a jetting assembly. 
However, the described calibration procedure can be per- 
formed even though there has been no exchange. Thus, 

15 calibration can be performed whenever desired, for in- 
_ stance due to measured deviations, and/or ordered by the 

operator. 

Preferred and further embodiments of the docking de- 
vice and the assembly will now be described in greater 

20 detail with reference to Figs . 2-6 - . The docking device 10 
comprises an assembly support 15 and a stand 11. The as- 
sembly support 15 is arranged at the stand 11 and is re- 
ciprocatingly movable along the length of the stand 11. 
Consequently, the direction of movement is in a 

25 Z-direction substantially perpendicular to the substrate 
2 . This motion is realised with the aid of a Z-motor 14 
and a ball screw 12, appropriately interconnected. The 
motion along the stand 11 is used for docking the assem- 
bly 5 and for adjusting the height over the substrate 

30 when jetting. 

The assembly 5 comprises an assembly holder 24 hav- 
ing first holding elements, in the "form of two opposite 
L- shaped legs 35 and a wall 36 connecting them, wherein 
the legs 35 and wall 36 together define a first slot. The 

35 first slot mates to the assembly support 15 of the dock- 
ing device 10. When docked, the assembly 5 is accurately 
positioned and retained by means of an assembly alignment 
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device, constituted by a spring 16, exerting a force on 
one of the legs 35, and a pneumatically operable assembly 
locking element, here constituted by a locking piston 17 
exerting a force on the wall 36. 
5 Further, the assembly 5 comprises a viscous medium 

container, or solder paste container, 23, a nozzle 25, 
and an eject mechanism 55, see Fig. 6, connected to the 
container 23 and the nozzle 25. The eject mechanism 55 is 
arranged for feeding solder paste from the container 23 

10 and ejecting it through the nozzle 25 in a way which is 
defined as jetting or non-contact dispensing. 

The eject mechanism 55 will now be further de- 
scribed. It is similar to the one disclosed in the above- 
mentioned International patent publication WO 00/61297, 

15 which is incorporated herein in its entirety by refer- 
ence . The eject mechanism 55 from the outside is hidden 
by assembly holder 24 and by a cooling flange 30. In the 
cross sectional view in Fig. 6, a proposed outline of the 
eject mechanism 55 is shown. "The solder paste is forced 

20 by means of pressurised air out of a hole 51 in the bot- 
tom of the solder paste container 23 . The pressurised air 
is supplied through a nipple 52, a hose and a suitable 
connector (not shown) in the container 23. The feed hole 
51 is connected to a hole in a motor support 50 and in a 

25 motor axis 42 of a stepper motor 41. A feed screw 44 is 
mounted on the motor axis 42 . The feed screw 44 has an 
axial bore 53 through which the solder paste flows. The 
solder paste is further transported by the feed screw 44 
rotated by the motor 41. The feed screw 44 rotates in a 

30 stack of o-rings 45. These o-rings 45 prohibit undesired 
smearing of the solder balls in the- paste. The feed screw 
44 transports the paste into an active chamber formed by 
the end of the feed screw 44, the nozzle 25 and a bushing 
54. In order to eject droplets, an actuator 31 is rapidly 

35 discharged, thus moving the nozzle 25 towards the feed 
screw 44 and diminishing the volume of said active cham- 
ber. The actuator 31 is pre-loaded with a cup spring 48 
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and an actuator support 49. The assembly 5 uses pressur- 
ised air for several tasks, e-g^ providing a slight over- 
pressure for forcing the solder paste into the eject 
mechanism 55, cooling of the actuator 31, and cooling of 
5 the stepper motor 41. The pressurised air is supplied via 
a pneumatic interface comprising inlets 26, positioned to 
interface with complementary pneumatic interface compris- 
ing nipples 20, of the docking device 10. Cooling of the 
actuator 31 is realised with the aid of the cooling 

10 flange 30 providing a slit between its walls and the ac- 
tuator 31 where cooling air can flow freely. Furthermore, 
in order to obtain a stable temperature during the jet- 
ting procedure, the cooling of the actuator 31 is com- 
bined with a heater 47, which is regulated by the meas- 

15 urement results from a thermometer 48. 

-Signal connections are, .provided; as interface at the 

assembly 5 and connectable to complementary signal inter- 
face of the docking device 10. These connections of the 
assembly 5, inter alia, are for supplying the stepper mo- 

20 tor 41, the actuator 31 via leads 28, for measuring tem- 
perature via leads 29 and the thermometer 46, which con- 
stitutes a Pt-100 sensor or the like. Said signal inter- 
face is implemented as a male contact 27 and interfaces 
the corresponding signal interface implemented as a fe- 

25 male contact 19 at the docking device 10. The male con- 
tact 27 is in this embodiment a reinforced part of a 
flexible circuit board. Not previously mentioned signals 
that can be provided via this interface are heater cur- 
rent, assembly identity information, and driving signals 

30 for the stepper motor 41. Extensions of this list are ob- 
vious for those skilled in the art.- In excess to the 
above mentioned female contact 19, signal connections at 
the docking device 10 comprise a flexible circuit board 
18, connected to control electronics (not shown) located 

35 on the X- wagon 4. 

The nipples 20 of the complementary pneumatic inter- 
face of the docking device 10 are connected, via internal 
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channels of the docking device 10, to a set of valves 13 
and to input nipples 22 . The aif f low is controlled by 
said set of valves 13 arranged at the upper end of the 
docking device 10. In a conventional fashion, external 
5 hoses (not shown) are connected to the input nipples 22 . 
The above-described piston 17 is pneumatically actuated 
with pressurised air supplied through a nipple 21 and one 
of the valves 13 . 

As shown in Fig. 5, the above mentioned exchange as- 

10 sembly support 7 has an exchange wheel 40 comprising at 
least two, and in this embodiment three, assembly seats. 
Each seat is defined by a suction cup 32 to hold the as- 
sembly 9 firmly and a slotted jaw 33 which mates with 
cuts 34 in the assembly. The exchange wheel 4 0 is ro- 

15 tatable. 

At the calibration- station, the calibration surface; 
is according to. an. alternative embodiment constructed as 
a tape assembly. Thereby, there is no need for cleaning 
.. the surface after each calibration. Instead, the tape is 
20 simply "driven forward for a short moment. 

As a further alternative, there is no calibration 
station. Instead, a portion of the substrate surface 
where the no solder paste is to be applied is used as a 
calibration surface. 
25 In the method, the step of determining if calibra- 

tion is required may be deleted, so that the calibration 
is always performed. 

The above description refers to preferred embodi- 
ments of the present invention, which are included as ex- 
30 emplary embodiments only and must not to be seen as hav- 
ing a limiting effect on the scope of the present inven- 
tion. On the contrary, many modifications and alterations 
are possible without departing from the scope of the in- 
vention as defined by the appending claims. 



35 
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CLAIMS 

1. A method of improving the performance of a jet- 
ting assembly in an apparatus for jetting droplets of 

5 viscous medium on the fly onto a substrate, said jetting 
assembly being releasably mounted in said apparatus for 
performing said jetting, said jetting assembly comprising 
a nozzle, an ejection mechanism connected to the nozzle, 
and a viscous medium container connected to the eject 
10 mechanism, the method comprising the steps of: 

- obtaining information relating to an XY-position 
of the nozzle in relation to a calibration surface, the 
XY-position being the position of the nozzle in a plane 
parallel to the plane of the calibration surface, 

15 - obtaining information relating to a Z-position of 

the nozzle, the Z-position being the distance between ...the 
•nozzle and the calibration surface, ----- 

- obtaining velocity information relating to the 
exit velocity a droplet of viscous medium has when said. 

20 droplet exits said nozzle, and 

- adjusting, on the basis of said information relat- 
ing to an XY-position of the nozzle, said information re- 
lating to a Z-position of the nozzle and said velocity 
information, a trigger position of the nozzle for the 

25 subsequent jetting of droplets. 

2. The method as claimed in claim 1, wherein the 
step of obtaining information relating to an XY-position 
of the nozzle comprises: 

30 - jetting at least one first droplet at a nominally 

predetermined location on said calibration surface, said 
at least one first droplet thereby forming at least one 
first deposit on said calibration surface, and 

- determining the offset of the location (s) of said 
35 at least one first deposit in relation to said nominally 

predetermined location, and 
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- determining, based on said determined offset, the 
XY-position of the nozzle. 

3 . The method as claimed in claim 1 or 2 , wherein 
5 the step of obtaining velocity information comprises: 

- retrieving said velocity information from informa- 
tion storing means in which said velocity information has 
been previously stored. 



10 4. The method as claimed in claim 1 or 2, wherein 

the step of obtaining velocity information comprises: 

- moving the nozzle relative the calibration surface 
at a first predetermined relative velocity in a plane 
parallel to the plane of said calibration surface, 

15 - jetting, during said movement, at least one second 

droplet, said jetting being performed by triggering said 
ejection means when said nozzle is at (a) predetermined 
location (s), said at least one second droplet thereby 
forming at least one second deposit on said calibration 

20 surface, ■ -: . — 1 r : ~~ 

- determining the location (s) of said at least one 
second deposit, 

- calculating the difference between said predeter- 
mined and said determined locations, 

25 - altering the distance between the nozzle and the 

calibration surface with a predetermined distance, 

- moving the nozzle relative the calibration surface 
at a second predetermined relative velocity in a plane 
parallel to the plane of said calibration surface, 

30 - jetting, during said movement, at least one third 

droplet, said jetting being performed by triggering said 
ejection means when said nozzle is at (a) predetermined 
location (s), said at least one third droplet thereby 
forming at least one third deposit on said calibration 

35 surface, 

- determining the location (s) of said at least one 
third deposit, 
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- calculating the differences between said predeter- 
mined and said determined locations, and 

- determining, based on said calculated differences 
between said predetermined and said determined locations 

5 of said at least one second and at least one third depos- 
its, the exit velocity a droplet of viscous medium has 
when said droplet exits said nozzle. 

5 . The method as claimed in claim 4 , wherein said 
10 first and second predetermined relative velocities are 
the same. 



6 . The method as claimed in any one of the preceding 
claims, wherein the Z-position of the nozzle is obtained 

15 by determining said Z-position by mechanical means. 

7. The method as claimed in any one of the preceding 
claims, wherein the Z-position of the nozzle is obtained 
by determining said Z-position by electrical sensor 

20 means . - 

8. The method as claimed in any one of claims 1-3, 
wherein the step of obtaining information relating to a 
Z-position of the nozzle comprises : 

25 - moving the nozzle relative the calibration surface 

at a first predetermined relative velocity in a plane 
parallel to the plane of said calibration surface, 

- jetting, during said movement, at least one second 
droplet, said jetting being performed by triggering said 

30 ejection means when said nozzle is at (a) predetermined 
location(s), said at least one second droplet thereby 
forming at least one second deposit on said calibration 
surface , 

- determining the location (s) of said at least one 
35 second deposit, 

- calculating the difference between said predeter- 
mined and said determined locations, and 
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- determining, based on said calculated difference 
and said obtained velocity information, the 2-position of 
the nozzle. 



5 9. The method as claimed in claim 4 or 5, wherein 

• the step of obtaining information relating to a 
Z-position of the nozzle comprises: 

- determining said Z-position of the nozzle is based 
on said velocity information together with said calcu- 

10 lated difference between said predetermined and said de- 
termined locations of said at least one second deposit or 
of said at least one third deposit . 

10. The method as claimed in any one of the preced- 
15 ing claims, further comprising the steps of: 

- obtaining angular deviation information relating 
to the angular deviation of the actual jetting direction 
of said droplets from a nominal jetting direction, said 

" -— nominal j etting direction being essentially perpendicular 
20 to the plane of the calibration surface, and 

- using also said angular deviation information as 
basis for said adjustment of the trigger position for the 
subsequent jetting of droplets. 

25 11. The method as claimed in claim 10, wherein the 

step of obtaining said angular deviation information com- 
prises : 

- jetting at least one first droplet at a nominally 
predetermined location on said, calibration surface, said 

30 at least one first droplet thereby forming at least one 
first deposit on said calibration surface, 

- determining the offset of the location (s) of said 
at least one first deposit in relation to said nominally 
predetermined location, 

35 - altering the distance between the nozzle and the 

calibration surface with a predetermined value, 
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- jetting at least one second droplet at a nominally 
predetermined location on said calibration surface, said 
at least one second droplet thereby forming at least one 
second deposit on said calibration surface, 

5 - determining the offset of the location (s) of said 

at least one second deposit in relation to said nominally 
predetermined location, 

- calculating the difference in offset between said 
at least one first deposit and said at least one second 

10 deposit, and 

- determining, based on said determined calculated 
difference, said angular deviation of the actual jetting 
direction of said droplets from the nominal jetting di- 
rection. 

15 

12 . The method as claimed in claim 11, -wherein the 
nozzle does not move relative the. calibration surface 
during the jetting of each of said at least' one first and 

, said at least one second droplets. _ 

13. The method as claimed in claim 4, 5 or 9, fur- 
ther comprising the steps of: 

- moving the nozzle relative the calibration surface 
at a predetermined velocity in a plane parallel to the 

25 plane of said calibration surface, said relative velocity 
being different from the relative velocity when jetting 
said second or third droplets, 

- jetting, during said relative movement, at least 
one fourth droplet, said jetting being performed by trig- 

30 gering said ejection means when said nozzle is at (a) 

predetermined location (s), said at least one fourth drop- 
let thereby forming at least one fourth deposit on said 
calibration surface, 

- determining the location of said fourth deposit, 
35 - calculating the difference between said predeter- 
mined and said determined locations, and 
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- determining, based on said calculated differences 
between said predetermined and Said determined locations 
of said at least one fourth deposits and said at least 
one second or at least one third deposits, the angular 
5 deviation for the jetting direction of said droplets from 
a nominal jetting direction, said nominal jetting direc- 
tion being essentially perpendicular to the plane of the 
calibration surface. 



10 14. The method as claimed in any one of the preced- 

ing claims, wherein the calibration surface is a surface 
on said substrate. 



15. The method as claimed in any one of claims 1-13, 
15 wherein the calibration surface is a portion of said ap- 

; ; -para t us and is separate from said substrate. 

16. The method as claimed in any one of the preced- 
ing claims, further comprising the step of : ■ 

20 - obtaining calibration surface information relating 

to characteristics of the calibration surface, said cali- 
bration surface information being obtained through the 
use of vision means provided in said apparatus. 



25 17. The method as claimed in claim 15, further com- 

prising the step of: 

- retrieving calibration surface information relat- 
ing to characteristics of the calibration surface, said 
calibration surface information being stored in said ap- 

30 paratus. 

18. The method as claimed in any one of the preced- 
ing claims, further comprising the step of: 

- determining and mapping any warpage of the sub- 
35 strate, and 

- adjusting jetting parameters to compensate for 
said warping. 
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19. The method as claimed in claim 18, wherein said 
step of adjusting jetting parameters comprises the step 
of: 

5 - continuously adjusting the height of the nozzle 

relative said substrate, such that said nozzle is kept at 
a constant distance from said substrate during said jet- 
ting of viscous medium. 

10 20. The method as claimed in claim 18, wherein said 

step of adjusting jetting parameters comprises the step 
of: 

- continuously adjusting trigger positions of the 
nozzle from a nominal trigger position thereof, such that 
15 the variation due to said warpage in the distance between 
the nozzle and the substrate resulting from the relative 
"movement between the nozzle and the warped substrate is 
compensated for. 

20 21. A jetting assembly, said assembly being releas- .. 

ably mountable in an apparatus for jetting droplets of 
viscous medium on the fly onto a substrate, said assembly 
comprising an assembly holder having first holder por- 
tions mating with an assembly support of a docking device 

25 of the apparatus, a nozzle, an eject mechanism connected 
to the nozzle, a viscous medium container connected to 
the eject mechanism, a signal interface for communication 
with the apparatus, and storage means holding information 
about properties of the assembly, such as assembly iden- 

30 tity, type of viscous medium contained, nominal mechani- 
cal offset of the nozzle, 

wherein said storage means is further arranged to 
receive and hold calibration information of properties of 
the assembly obtained during calibration measurements. 

35 

22. The assembly as claimed in claim 21, wherein 
said storage means holds calibration information obtained 
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from calibration of the assembly prior to mounting the 
assembly in the apparatus. , 

23. The assembly as claimed in claim 21 or 22, 
5 wherein said storage means holds calibration information 
obtained from calibration of the assembly when the assem- 
bly is mounted in the apparatus. 



24 . The assembly as claimed in any one of claims 

10 21-23, wherein said calibration information comprises at 
least one of information relating to an XY-position of 
the nozzle, information relating to a Z-position of the 
nozzle > the exit velocity a droplet of viscous medium has 
when said droplet exits said nozzle, and the angular de- 

15 viation for the jetting direction of said droplets from a 
nominal jetting direction. 

25. Use of information stored in a jetting assembly 
for -calibrating said assembly in a jetting apparatus. 



20 
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